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Hence 

2S 1 ~S x = (S 2 x +Ar 2 xy ) 1 / 2 
Squaring both sides and solving for r xy gives 

T X y = (Si ~ SlS X ) l/2 

Substituting the prescribed numerical values yields 

T Xy = (30,000 X 30,000 - 30,000 x 20,000) 1/2 = 17,300 psi (119.3 N/mm 2 ) ♦ 


CRITERIA OF DUCTILE FAILURE 

Ductility in general can be defined as the ability of the material to undergo a 
significant amount of plastic deformation before the onset of failure. This process 
is accompanied by shear-sliding of the crystal structure on planes oriented at about 
45° to the direction of the tensile stress. In the case of a cylindrical tensile specimen, 
the geometry of failure can be described as the cup-and-cone pattern of the fracture. 
The flat portion of the observed break in the tensile test specimen is not considered 
to be an indication of brittle separation. It is the result of the triaxial stress system 
set up in the neck of the test bar. The flat portion, when examined under the 
microscope, is characterized by a mass of tiny shear planes inclined 45° to the axis 
of the bar. The lip found along the edge of the break is also of the typical shear 
type. 

The theory of ductile failure was established independently by Maxwell, von 
Mises, and Hencky. In modern technical literature this finding is referred to as 
the von Mises-Hencky criterion of ductile failure , or the distortion energy theory. 
The theory proposes that yielding starts when the total strain energy in shear 
reaches the value of yielding in simple tension. In other words, this yield criterion 
is established on an energy basis. If an element of the material is subjected to the 
principal stresses S 1 , S 2 , and S 3 , then the von Mises-Hencky criterion becomes 

(5, - S 2 ) 2 + (S 2 - S 3 ) 2 + (S 3 - S,) 2 = 2S 2 (5.1) 

For a two-dimensional system, which is most likely to be needed in design 
calculations, we get 

S 2 + S 2 2 ~S 1 S 2 = S 2 (5.2) 

Experiments conducted under complex stress conditions have shown that the 
von Mises-Hencky criterion is a valid index of ductile behavior. Other theories of 
strength of materials are not recommended for the analysis of ductile metals. 

In many practical cases we deal with the normal and shear stresses in a compo¬ 
nent, such as S x and r xy . For instance, a machine shaft can be subjected to bending 



